Ce en nt tr ra al l d de e l la a R Re ep poe oeb bl li ic ca a A Ar rg ge en nt ti in na a i ie e | | I In nv ve es st ti ig ga ac ci io on ne es s E Ec co on n--m mi ic ca as s Abstract Recent cross-country empirical evidence indicates that the money-prices relationship depends on the average rate of inflation. This relationship is strong in economies with high inflation, but weakens under low inflation. Based on these findings, we study the dependence of the money-prices relationship on the level of inflation in Argentina along the last 35 years. We use descriptive analysis as well as cointegration tests to study the long run relationship between money growth and inflation. Proportionality holds for the high inflation period but weakens under low inflation. Money velocity is quite volatile but keeps a positive correlation with inflation in the long run. Under low inflation, velocity correlates negatively with money growth, a result consistent with the empirical evidence in the literature. Using VAR analysis, we focus on the transmission of nominal shocks to inflation in the short run. We enlarge the set of information to include other relevant macroeconomic variables such as the nominal interest rate, the multilateral nominal exchange rate depreciation and GDP growth. These results allow us to identify different dynamics of money growth and inflation under low and high inflation. In particular we are able to capture the role played by inflation expectations implicit in nominal interest rates in driving the dynamics of money growth and inflation under high inflation. Although the money growth-inflation short run relationship weakens under low inflation, money continues to play a role in explaining inflation dynamics.
Introduction
In Argentina, the return to an active monetary policy, after the years under a hard peg, has renewed the debate on the money growth -inflation relationship.
It is quite established in the literature that a strong positive correlation exists between money and prices in the long run (see Lucas (1980) , Dwyer and Haffer (1988) , McCandless and Weber (1995) ) and that this relationship is close to proportional.
The short run relationship between those two variables is more controversial and, in spite of the large amount of literature devoted to the issue, it has not been possible yet to draw any stylized facts on it.
Recent empirical evidence from cross country analysis (see De Grauwe and Polan, 2001) suggests, however, that the money growth-inflation relationship could be dependent on the level of inflation. It seems to be strong for economies with high inflation, but weakens under low inflation.
The empirical evidence also indicates that money velocity is rather volatile, contrary to what theoretical models usually predict. Cross country analysis (see De Grauwe and Polan, 2001 ) also shows that money growth and velocity are positively correlated for countries with high inflation, but negatively for low inflation countries. Cash in advance models, based on Baumol-Tobin´s money demand, with endogenous money velocity, have been recently developed by Alvarez, Atkenson and Edmond (2003) , and Rodriguez Mendizábal (2006) to provide theoretical explanations for the finding of an unstable money velocity.
The fact that dynamics of money growth, money velocity and inflation could depend on the level of inflation is not trivial from the perspective of monetary policy, since it could imply that money is not relevant to explain inflation dynamics under low inflation. In fact, models based on price stickiness, which exclude money, are the most widely used to explain the short run inflation dynamics under low inflation (see Marcet and Nicolini, 2005) .
Argentina is an interesting case to study this dependence using time series analysis, because of its inflationary history of the 70's and 80's. In this respect, Gabrielli, Mc Candless and Rouillet (2004) study the bivariate relationship between money and prices in Argentina over the periods 1976-1989 and 1991-2001 and find significantly different behaviors during both periods.
Based on these findings, we study the dependence of the money-prices relationship on the level of inflation in Argentina along the last 35 years (from 1970 to 2005) . Briefly, the 70's and 80's were characterized by high inflation and hyperinflation outbreaks. Since the 90's till the end of our sample, inflation was much lower and the peso was fixed to the dollar under the Convertibility law. The abandonment of this regime in January 2002 renewed the money-prices debate, because it brought back certain fears of returning to high inflation.
The fact that the economy was subject to very different monetary regimes along these years makes it presumable that the money growth-inflation relationship did not remain stable. Our presumption is, however, that it is the level of inflation rather than the monetary regime, the relevant criterion to identify "regimes" in terms of this relationship. Under this a priori we adopt the strategy of (i) dividing the sample into sub-periods, (ii) looking at the relationship between those variables and (iii) testing for the validity of our a priori assumption using different approaches.
We split the sample in different sub-periods based on the average rate of inflation: (i) a period of high inflation form 1970 to the first half of 1975; (ii) a very high inflation period from the last half of 1975 to the end of 1988; (iii) the hyperinflation episode between [1989] [1990] , that we do not consider in our analysis, given its very particular features; and a (iv) a low inflation period between 1993 and 2005. For some of the empirical exercises we conduct here, we separate the Convertibility period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) from the managed floating (2002) (2003) (2004) (2005) in order to evaluate to what extent they can be considered as different regimes in terms of the dynamic relationship of the variables under study.
We analyze the money growth -inflation relationship from two perspectives. The first one looks at the long run relationship between these two variables with the aim of verifying the relevance of some stylized facts quite established in the literature for the Argentine case: basically strong positive correlation and proportionality. For high frequency data the correlation between money growth and inflation is strongly positive during high inflation periods and much weaker under low inflation. When the high frequency data component of time series is discarded, the degree of co-movement between the two variables increases, with the exception of the managed floating period. Proportionality holds under high inflation and hyperinflation, but the relationship is much lower than one under low inflation.
We conduct cointegration analysis to test for the presence of a common trend between money and the price level along the complete period. This analysis reveals that there is not such a common trend but a changing one for the sub-periods in which we split the sample. While we cannot reject proportionality for the periods of high and very high inflation, the long run relationship between these two variables is much lower than one for the Convertibility and managed floating periods.
We also study the dynamics of money velocity over the 1970-2005 period and its relationship with inflation and money growth. Money velocity appears to be highly volatile and has a strong positive correlation with inflation for the whole sample. Consistently with the results in the literature, it has a negative correlation with money growth under low inflation.
From the second perspective, we look at short run dynamics using Vector Autoregressive Model (VAR) analysis, focusing on the transmission of nominal shocks to inflation. In this case we enlarge the set of information to include other relevant macroeconomic variables such as the nominal interest rate, the change in the multilateral nominal exchange rate and GDP growth. We are able to identify very different dynamics in the money growthinflation relationship under low and high inflation. Between 1977 and 1988 the price expectations component in nominal interest rates plays a key role in explaining the dynamics of money growth and inflation. On the contrary, from 1993 to 2005, a period of low inflation, impulse responses are more in line with the empirical regularities in the literature. However, the abandonment of the Convertibility regime has an impact on this short run dynamics, being the response of inflation to monetary impulses stronger than under Convertibility. These findings indicate that a multivariate analysis allows a better understanding of the sources of the different money growth-inflation short run dynamics under low and high inflation and that money growth continues to play a role in explaining the short run dynamics under low inflation.
The paper is organized as follows: Section 2 shortly revises the recent empirical literature on money growth and inflation. Section 3 focuses on the long run relationship of those two variables. In section 4, we analyze the behavior of money velocity and its relationship with money growth and inflation. In Section 5 the short run dynamics of money growth and inflation is studied through VAR analysis. Finally, Section 6 concludes.
Money and prices in the literature: theory and empirical evidence
The relationship between money and prices or money growth and inflation has been largely studied in both, theoretical and empirical literature. From the long run perspective some quite established stylized facts have been drawn. For example, persistently high inflation can be associated to persistent money growth. The interactions between those two variables in the short run is, however, much more controversial. In fact no stylized facts on this relationship have been established and accepted for high frequency data.
The theoretical literature provides two main explanations for persistently high inflation: (i) intends by governments to exploit the trade-off between unemployment which can lead to dynamic inconsistency problems and (ii) recurrent monetary financing of fiscal disequilibria. The first one was the theoretical explanation to explain the persistence of high inflation in developed countries during the 70's and 80's (see Kydland and Prescott, 1977) . The second one was the theoretical argument initially developed by Cagan, to explain hyperinflation in the 20's. This argument was afterwards extended to the explain high inflation and hyperinflation in some developing countries, like Argentina, Israel and Brazil where inflation was mainly due to monetary financing of fiscal disequilibria. Heymann and Leijonhufvud (op. cit.) emphasize that in those cases, the limits between monetary and fiscal policy are not clear. Fiscal deficit can be treated as an exogenously determined variable that explains money growth which in this context can be considered as "passive" relative to the fiscal deficit and even to the inflation rate.
With respect to the long run relationship between money growth and inflation in the empirical literature, Lucas (1980 ), Mills (1983 , Dwyer and Haffer (1988) , McCandless and Weber (1995) find a strong positive correlation and proportionality between money growth and inflation in the long run after discarding the high frequency component of both time series.
More recently, De Grauwe and Polan (2001) look at a panel of 160 countries over 30 years and find that the degree of co-movement between money growth and inflation depends on the average rate of inflation. In countries having experienced high inflation and hyperinflation, the correlation between money growth and inflation is strong while this relationship weakens in countries with low average rates of inflation. They also find that money growth and velocity are positively correlated in countries with high inflation, suggesting the validity of a Cagan´s money demand, while the opposite occurs in low inflation countries. Marcet and Nicolini (2005) emphasize the difficulty of nesting both empirical findings in a comprehensive monetary theory, since rational expectation monetary models, with flexible prices, predict a strong positive correlation between money growth and inflation. To deal with this inconsistency two monetary theories have been developed: one describes a world of high inflation under rational expectations. The other tries to resemble the empirical correlations observed for low inflation countries by assuming some kind of price rigidity. Marcet and Nicolini find this solution quite imperfect, not only for theoretical reasons but also because of the policy recommendations coming from those two theories of inflation: while in a world of high inflation there is a crucial role of money growth in driving inflation dynamics, money could become irrelevant in a world of low inflation. In order to solve this inconsistency, Marcet and Nicolini intend to develop a model for high inflation economies in which agents learn from the economy and then adjust expectations with some delay.
Recent models on money demand have also addressed the empirical findings of a weak short run correlation of money growth and inflation and an unstable money velocity. Alvarez et al. (op. cit.) , develop an inventory model for money demand based on Baumol and Tobin, in which money velocity can fluctuate in the short run. Their model can give account of the negative correlation of money velocity and money growth as well as the correspondently weak response of inflation to money growth. Mendizabal (2006) constructs a cash in advance version of the money demand model developed by Baumol and Tobin in which money velocity is endogenous and responds to changes in the interest rate. His model provides an explanation for the low correlation found in cross country analysis between money velocity, money growth and inflation.
In spite of the abundant empirical literature on the short run dynamic relation between money growth and inflation there are no established stylized facts on this topic. Theories on the business cycle provide different explanations for the observed cyclical movements in relevant macroeconomic aggregates and prices, as interest rates, money, GDP growth and inflation. The empirical validation of these different theories faces difficulties. Among them, the fact that time series decomposition and identification strategies imply by themselves the use of some theoretical a priori about the relationship among those variables (see Canova 1998) , the results could be dependent on the restrictions imposed for identification. Another relevant pitfall to the study the transmission of nominal disturbances into the economy is the instability of money demand.
2 This instability is also an explanation for the abandonment of monetary aggregates as an intermediate target for monetary policy.
The channels through which money can affect the price level in the short run are multiple and dependent on the monetary regime. Changes in monetary aggregates reflect both the response of the central bank and private agents to different shocks that can affect the economy. Given the endogenous nature of monetary policy, VAR models appear to be the most adequate tool to study the transmission of nominal shocks to the economy in the short run, and they have been extensively used in developed economies with mixed results.
3 Much less is the empirical evidence for developing countries. However, in recent years, the movement towards the adoption of inflation targeting schemes in many developing countries stimulated the study of the transmission of nominal shocks to the economy for policy purpose.
In Argentina, rapid money growth after the abandonment of the convertibility regime stimulated a debate on the potentially inflationary effects of this outcome. The issue is not easy to address due to the fact that observations correspond to a very atypical period, in which a sharp depreciation of the currency took place jointly with a turbulent financial crises. Thus, both variables money growth and inflation experienced sharp changes. Gabrielli et al. (2004) use descriptive analysis to try to extract some lessons on the money growth inflation relationship in Argentina, by studying it over the periods 1976-1989 and 1991-2001 . They find that under high inflation, inflation anticipates money growth, while the opposite occurs under low inflation.
In this paper, we extend their work in several dimensions. First, we include the managed floating period. Second, we study this long-run relationship using cointegration analysis. Third, we also look at the short run dynamics of money growth and inflation in a multivariate framework that incorporates other variables potentially relevant in the transmission of nominal shocks to inflation, as the nominal interest rate, GDP growth and the nominal exchange rate. This multivariate analysis allows us to identify very different short run dynamics in the transmission of nominal shocks to inflation under high (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) and low (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) inflation.
Some empirical regularities in money growth and inflation relation

Descriptive analysis
The purpose of this section is to analyze the time series properties of money growth and inflation and their co-movement in order to compare them with some basic theory predictions about the long term relationship between money and prices.
Recent empirical evidence confirms the presence of a long term positive correlation, but not proportionality, between money growth and inflation. 4 Gabrielli et al. find a high positive correlation between money and prices from 1976 to 1989. As these findings do not imply causality from money to prices, we use cointegration tests to evaluate the validity of a conditional model of prices on money.
We study the relationship between money growth and inflation during the period 1970-2005, considering four sub-periods. This splitting is based on observed changes in the average rate of inflation (see Figure 4 .1).
We identify four sub-periods or inflationary regimes: i.
High inflation: 1970M01-1975M05 ii.
Very high inflation: 1975M06-1988M12 iii.
Hyperinflation: 1989M01-1991M03 iv.
Low inflation 1993M12005M1-2005.12 Additionally, we split the fourth period into two sub-samples to investigate the presence of a regime change after the adoption of a managed floating in January 2002. In the case of managed floating, we rule out the initial period because the series were seriously affected by the financial crisis and the dramatic change in relative prices after the abandonment of the peg. Inflation is measured by the log of CPI index and money by the log of private sector holdings of M1 (currency plus current account deposits) seasonally adjusted. 5 We are interested on transactional money holdings by the private sector. 5 We choose this definition of money because we are interested in transactional money holdings by the private sector. M1 is the most homogeneous aggregate along the full sample considered here and corresponds to end of period holdings. Since average data are not available for the whole period of analysis. Considering the whole sample, the means of money growth (µ) and inflation (π) are quite similar. µ and π are virtually the same during 1970M1-1975M5 and slightly different between 1975M6 and 1988M12 and throughout hyperinflation. (see Table 3 .1)
During the Convertibility regime, the means of money growth and inflation are completely different. The average rate of money growth is six times higher than that of inflation First, the sharp reduction of inflation after the setting of the hard peg led to an increase in money demand, i.e., a reduction in money velocity. Second, the dynamics of money under this particular regimen was mainly driven by money demand which was closely related to the balance of payment result. Finally, money growth was substantially higher than the inflation rate after the abandonment of Convertibility.
Money growth and inflation volatility are similar and relatively high considering the whole sample. Nevertheless, when splitting the sample, we find different behaviors. Both series are highly volatile during "high inflation" although money growth is more volatile than inflation. In hyperinflation the volatilities of both series are high and quite similar.
Under Convertibility, the volatility of both series reduced sharply, even though the money growth standard error is 12 times higher than that of inflation. In managed floating, money growth volatility is similar to that of the previous period, while inflation volatility increases a bit.
As mentioned before, the international evidence confirms strong positive co-movement between µ and π in the long run. Lucas (1980) finds a relation close to one between both series after filtering to get rid of the noise present in high frequency data. Mc Candless and Weber (1995) study the relation between average inflation and money growth rates for a long period of time and for a significant group of countries. Their results also confirm a positive co-movement between both series.
We first calculate correlations between µ and π for high frequency data (monthly growth change). The correlation between µ and π is strong and significant for the whole sample. In particular, the co-movement among series is relatively significant in the high inflation period and even greater during hyperinflation.
Mean ( On the contrary, during Convertibility and the managed floating, both low inflation periods, the relationship between these series weakens. This result is consistent with findings for other economies using low frequency data (see Dwyer y Haffer, 1999 and De Grauwe y Polan, 2001 ).
Considering lower frequency data (annual growth rates), the correlation between µ and π increases on average, except for 1970M01-1975M05 period. This last period is rather atypical because of a price control policy implemented by the government.
With respect to the Convertibility and the managed floating, the correlation between both series increases when using low frequency data. From 1993M01-2005M12, named from now on as the "low inflation" period, the correlation between µ y π increases from 0.13 for monthly changes to 0.68 for annual changes. In spite of the increase in correlations using low frequency data, the proportionality between both series weakens for the "low inflation" period, compared to the "very high inflation" period ( 1975M6 -1988M12) . It can be seen from Figure 3 .2. that the slope of a regression line between both variables is much lower under low inflation than in the previous period.
The results are quite similar using moving averages. The correlation between µ y π strengthens as the size of the windows increases. This result is more significant for the "low inflation" period than for the high inflation one, as expected.
In particular, correlations for the Convertibility period increase from 0.26 for MA(0) to 0.74 for MA(2) (see Table 3 .2). To sum up, inflation and money growth have a significant positive correlation in the long term. Once we remove the noise present in high frequency using moving averages or annual changes the correlation between money growth and inflation becomes very high, even for most of the part of the "low inflation period" that corresponds to the Convertibility regime. During the very high inflation period, cross-plots between µ and π converge to the 45° slope, in line with Lucas (1980) . In contrast, in low inflation the proportionality between these series, weakens, even for low frequency data. These results are consistent with recent empirical evidence (De Grauwe y Polan, 2001).
In terms of monetary policy decisions, it is interesting to answer the question about how changes in money are informative about the future path of prices. With this aim, we study if µ leads π through Granger causality tests. Since we focus on the short run dynamics of money growth and inflation, tests were done using monthly changes on M1 (seasonally adjusted) and retail prices.
First, when we consider the full sample, we find a feed back relationship between the two variables that is robust to changes in the lag length.
During the "high inflation" period (1970M01-1975M05), we do not find any kind anticipation from one variable to the other a result consistent with the low correlation found between these two series for this sub-sample. As it was mentioned before, this could be due to price controls implemented during 1973.
For the "very high inflation" (1975M06 -1988M12) period, we find that inflation leads money growth, a result that is robust to changes in the lag length. Although apparently counterintuitive, this could be consistent with a real money demand that responds negatively to expected inflation (see Cagan, 1956 ) in an environment of very high inflation. The fact that inflation anticipates money growth could be due to adaptative expectations or the to the fact that inflation was highly persistent. Since bivariate analysis does not allow to identify "inflation expectations" this is only a presumption. Multivariate analysis in Section 5 will allow a better assessment of inflation expectations 1975. 1 -2005.12 1970.1-1975.5 1975.6 -1988.12 1989.1 -1991.3 1993.1 -2001.12 2002.9 -2005.12 .5
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The long-run relationship between money and prices
The finding of similar growth rates of money and prices for the whole sample and the time series inspection suggest a long run trend for both variables, money and prices (see Figure3.3 ). This could imply the presence of a co-integration relation. However, the great macroeconomic instability of the analyzed period suggests that the long run relationship could not be unique and stable along the whole sample. The existence of a long run relationship between money and prices has been evaluated using the system-based procedure of and Johansen and Juselius (1990) . The Vector Error Correction Mechanism allows testing the validity of the conditional models through the "weak exogeneity tests".
The starting point to evaluate cointegration is to analyze the time-series properties of the variables. We analyze the order of integration of the both time series using the 1970 1975 1980 1985 1990 1995 Given that not only economic theory but also the empirical literature are in favor of its treatment as stationary in differences, this paper considers money and prices as integrated of order 1, I(1). The long-run relationship between them is evaluated for the same subperiods mentioned in Section 3.1. The cointegration analysis was made using quarterly data. Table 3 .3 shows the presence of a positive long-run relationship between money and prices for the selected periods, except for the hyperinflation period. The system-based procedure of and Johansen and Juselius (1990) indicates the presence of a positive long-run relationship between money and prices for the complete sample except for the hyperinflation period. The relationship is quite stable until 1988, an increment of money generates a proportional change in prices in the long run. Since the Convertibility regime, the long run impact of money on prices is less than one (0.17) and the long run effect increases a little since the abandonment of such a regime to 0.23. If the whole sample is considered, it is not possible to find a long run stable relationship, this finding validates the prior of different behavior during high and low inflation regimes. Exogeneity tests indicate that money is weak exogenous, which also validates the conditional model of prices on money.
These results confirm that long run relationship between money and growth depends on the level of inflation. In particular we observe two relevant regimes, according to cointegration analysis. Proportionality holds in the long run between money and prices under the period of high inflation but their relationship weakens during the period of low inflation. The results also validate the splitting or the sample based on the average level of inflation. In particular, we broadely identify two regimes: high inflation between 1970 and 1988 and low inflation between 1993 and 2005 . In all cases the exogeneity test validate a conditional model of prices on money.
Inflation and velocity
If the quantity theory holds, money has a transactional role and real balances should keep a stable relationship with aggregate transactions. This ratio is money velocity, which is assumed to be relatively stable in short run, since it depends on financial technologies, agents' preferences, or institutions, that remain stable in a short horizon.
The empirical evidence that indicates that money velocity is in general volatile has contradicted the idea of stable velocity. Under high inflation regimes, in which the inflationary tax usually is a significant source of tax revenues, inflationary expectations are a main determinant component of real money demand and velocity is not independent of those expectations. Money growth accelerations, through their effects on inflationary expectations lead the public to get rid off their real money holdings. Consequently, increases in money velocity feed inflationary dynamics. In high inflation economies it is usual to observe that both, accelerations of inflation and stabilizations have significant effects on money demand and velocity.
With the purpose of investigating the dynamics of money velocity and its relationship with money growth and inflation we calculate it according to the quantity equation:
where M is money in nominal terms, V is money velocity, P is price level and Q is real output. So, velocity can be presented as: .00000
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During most of seventies and eighties except for the brief stabilization of the Plan Austral in 1985, inflation shows an increasing trend. After the sharp reduction of inflation that followed the Convertibility regime, velocity shows a persistently decreasing trend. Since the 2001 financial crisis, this diminishing trend deepened and still persists despite the slight acceleration of inflation in 2005.
From Figure 4 .2, two different periods can be identified: the first one of, "high inflation" (from 1970Q1 and 1988Q4) ; and the second one, a period of "low inflation" (1993Q1-2005Q4) . We analyze the relationship between velocity, money growth (µ) and inflation (π) for those two periods (see Table 4 .1). It can be seen from Table 4 .1 that for the first one, an acceleration of money growth is related to a rise in inflation and velocity. During this period, the correlations between velocity and inflation, and velocity and money growth are 0.72 and 0.71, respectively. These results are consistent with Cagan findings (1956) for high inflation countries. Under "low inflation", velocity is negatively correlated to π and µ. In particular, from 1993Q1 to 2005Q4, the correlation between velocity and π is -0.20, and between velocity and µ is -0.33. De Grauwe and Polan (op. cit.) suggest that in the case of low inflation economies, the negative correlation between velocity and µ could be explained by the liquidity effect. Increases in money growth lead to interest rates drops, which also lead to a rise in money demand (i.e. a decrease in velocity).
Our results for the "low inflation" period are consistent with international panel data analysis that shows a negative correlation between money growth and velocity for low inflation economies (see De Grauwe and Polan, op. cit.).
In high and unstable economies, as it is the case of Argentina, macroeconomic stabilizations usually lead to a re-monetization of the economy. We observe this empirical regularity after the Plan Austral, the convertibility and the 2001-02 financial crisis.
It is interesting to analyze the relationship between velocity and inflation during the managed floating. After the abandonment of Convertibility in January 2002, inflation reached a pick in April in 2002. However, velocity, measured for M1 and M2 7 , show a 7 M2 is defined as M1 plus deposits in savings accounts.
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V -π persistently decreasing trend (see Figure 4. 3). This dropping trend could reflect a greater liquidity preference whose causes could be multiple. On the one hand, there are institutional factors related to the change in monetary regime that led to a de-dollarization of the economy. On the other hand, more temporary factors, as the negatives effects of the 2001-02 crisis on confidence of the public on the financial system, can also explain a higher liquidity preference.
Regards to the institutional factors, the abandonment of the currency board, eliminated the implicit currency insurance of the Convertibility Law 8 . Additionally, the government implemented several polices aiming to de-dollarize the economy particular, domestic financial liabilities, utilities tariffs, and the financial system balance-sheet were pesified.
9 . Finally, in order to discourage potential re-dollarization of the financial system, financial restrictions were introduced to the use of dollar deposits and higher banks reserves were required to them either. These measures rose the cost of using dollar as a transaction currency, decreased the incentives for dollar funding and increased the exchange risk exposure to dollar denominated contracts. The percentage of peso deposits to total deposits increased from 34% in 2001 to 90% at the end of 2005.
Regards to temporary factors, the less public confidence in the banking system probably reflected in changes in the portfolio to more liquid asset. Despite the strengthening of the financial system, the ratio time deposits to GDP is still below the one observed through 8 23.928 Law. Since the Civil Code reform it was authorized denominate financial contacts in dollars terms. 9 In 25.561 Law and 214 Decree specify the scope of pesification and its exceptions. nineties. At the same time, the ratios of money aggregates to GDP considerably exceed the levels reached during ´90s.
To sum up, the decreasing trend in velocity in this last period can be explained by multiple causes. Permanent and temporary factors affecting agent's behavior generate instability in money holdings by the private sector, making it difficult to predict money demand or inflation conditional on money growth.
The short run dynamics of money growth and inflation
In this Section we study the short run relationship between money growth and inflation. We enlarge our variables set to include other relevant macroeconomic aggregates and prices that could potentially play a relevant role in the transmission of nominal shocks to the economy and in particular, to inflation: the nominal interest rate, GDP growth and the change in the nominal exchange rate.
We estimate Vector Autoregressive Model (VAR) models using these variables, following the methodology originally proposed by Sims (1980a) , which allows for treating all variables of the system as endogenous.
VAR analysis provides useful tools to study short run dynamics: (i) impulse-response functions, which quantify the response of all endogenous to a shock (impulse) on any of them, and (ii) variance decomposition, that allows calculating how each endogenous variable contributes to explain others and its own variability.
The calculation of impulse-response functions and variance decomposition requires restrictions to identify shocks. We use the Cholesky decomposition that is not theory based and simply requires imposing restrictions on the contemporaneous relationship of variables. We choose using this decomposition because our interest is to describe the joint dynamics of the variables under study rather than to conduct policy analysis or forecast. Thus, we want to introduce the less theory-based restrictions.
To identify shocks we impose the following ordering for the Cholesky decomposition. The nominal interest rate was put first, assuming that it is highly probable that this variable can have a contemporaneous effect on the other variables in the system, while the opposite is much less probable. The interest rate is then followed by money growth, the change in the multilateral nominal exchange rate, the GDP growth and lastly, the inflation rate.
10
Interest rate shocks (impulses) are not necessarily interpreted here as monetary policy shocks. During the very high inflation period they can probably reflect shocks to inflation expectations, which in this context could even drive the interest rate dynamics (as in Cagan, 1956 ).
Under the Convertibility regime there was no active monetary policy, so movements on interest rates in the domestic currency mainly reflected changes on exchange rate depreciation expectations and sovereign risk perceptions. A managed floating was set in 2002. Since then, the interest rate on Central Bank bills, which influences the liquidity in the inter-bank market began to be used as an instrument for monetary policy.
11
We estimated VAR models for the whole sample as well as for the high inflation period 1977Q3-1988Q4, the Convertibility period 1993Q1-2001Q4 and the low inflation period, 1993Q1-2005Q4. The reason for considering the Convertibility first and then extending the sample to the managed floating is to identify changes in the joint short run dynamics of variables.
Models were estimated for quarterly data which include the following variables: the nominal interest rate on time deposits (LTNA), the real GDP growth (DLPIB), the change in the multilateral nominal exchange with main trade partners (DLTCN3S) and the CPI inflation (DLIPC).
The models selected according to the standard criteria of normality, non autocorrelation and homoskedasticity. We also checked the stability of VAR models. Dummy variables were incorporated when necessary to control for outliers. The lag-structure was selected based on Akaike, Schwarz and Hannan-Quinn criteria.
VAR models are specified in differences mainly because our interest in this section is to study short run dynamics. This treatment is supported by unit root tests, which are in general in favor of the hypothesis of unit roots for all variables, except the nominal interest rate. 12 Variables were specified in natural logs differences, except for the interest rate.
When considering the whole sample (1977Q1-2005Q4) we are not able to obtain a model that satisfies the conventional criteria. 13 In particular, models are highly heteroskedastic, what is an indication of a changing volatility of the joint dynamics of the variables under study.
Since very different monetary regimes were in place over our sample period, we face the problem of regime changes. We partially identified them in Section 3, when studying long run dynamics trough descriptive and cointegration analysis. In this section we evaluate parameters stability through recursive Chow tests. Recursive analysis using Chow Breakpoint tests (N descendent) and Forecast (N ascendent) to test for parameters stability, reveal the presence of a structural break in the hyperinflation period (see Figure 5 .1). This evidence supports the splitting of the sample into periods based on "mean inflation", which was, to some extent, the criterion adopted a priori for the descriptive analysis.
11 LEBAC (Central Bank notes). 12 The presence of a unit root for the variables in the VAR system was evaluated running conventional augmented Dickey Fuller and Phillips Perron tests as well as sequential and rolling test to check for the presence of structural breaks in the mean or the slope of time series. See Appendix 1. 13 The sample had to be restricted to the period 1977Q1-2005Q4 when including the interest rate in the analysis, given the lack of data for the period 1970Q1-1976Q4.
Figure 5.1: Parameters stability
The presence of structural breaks restricts the possibility of estimating a model for the complete period using conventional estimation techniques. More sophisticated instruments, as varying coefficient models have to be used to address the problem. Our approach to the problem here is rather simple. We split the sample and study the dynamics under high and low inflation and also check for the presence of significant changes in dynamics after the abandoning of the Convertibility regime, given the results of the Chow break point tests, which do not detect a structural break associated to the change in the monetary regime.
Table 5.1. shows the correlation VAR residuals for the different periods. It can be observed that for all the sub-periods, these correlations are significant. This result implies that the order imposed to the variables for the Cholesky decomposition has an influence on the obtained impulse response functions. Thus, changing the ordering can change the results. 
(i) Short run dynamics under high inflation
During most part of the high inflation period the nominal exchange rate was used as a policy instrument to reduce and stabilize inflation.
Results of estimating a VAR model for this period are summarized in Figure 5 .2 and Table  5 .2 that show impulse-response functions and variance decomposition respectively.
Looking at impulse-response functions, a first striking result is the positive response of changes in money growth to changes in the interest rate. It is possible however, that in a regime of very high inflation, as it was the case of Argentina during part of the 70's and 80's, money demand was mainly determined by inflation expectations, which in turn were the main component governing the dynamics of the nominal interest rate. In this context, movements in this rate cannot be interpreted as the result of policy actions. On the contrary, they would rather reflect changes in inflation expectations. Thus a possible dynamics could be one in which increasing inflation expectations lead to a reduction in money holdings by the private sector followed by a response of the central bank increasing money supply.
Contrary to the results of bivariate analysis in Gabrielli et al, (op. cit) and the Granger Causality tests performed here in Section 3, once we broaden the variables set to include the nominal interest rate, impulses on inflation do not have an effect on money growth. The finding of Granger Causality from inflation to money growth could be due to the fact that inflation captures the effect of inflation expectations on money growth that are omitted when using bivariate analysis.
Another non-standard result is that shocks to the nominal interest have a positive effect on nominal depreciation. But again, if shocks to the nominal interest rate mainly reflect shocks to inflation expectations, the response in an economy in which currency substitution was a relevant phenomenon could be one in which higher inflation expectations induce a flight from the domestic currency to a reserve currency as the dollar, and a consequent nominal depreciation.
The response of GDP growth to shocks to the interest rate is negative but weak and non persistent. Shocks to money growth have a slightly effect on GDP growth.
Impulses on money growth have a positive effect on inflation that lasts three quarters, but reaches a peak on the first quarter. Shocks to changes in the nominal exchange rate also have a positive effect on inflation, which is only significant for one quarter.
Given that it is not possible to identify the inflation expectations component of the interest rate, which seems to play a key role in this period, we estimated a VAR model excluding the nominal interest rate in order to check which of the variables seem to capture its impact on the rest of the variables in the system. Interesting results come from this exercise: (i) the response of money growth to inflation becomes significant and (ii) GDP does not respond to impulses on money growth whereas it negatively responds to shocks to the inflation rate.
Variance decompositions are shown in Table 5 .2. from which it can be observed that the movements on the nominal interest rate are mainly explained by its own variability, while at the same time it contributes to explain a high proportion of the variability of the rest of the variables in the system. In particular 56% of the variability of the change in the nominal exchange rate is due to shocks to the nominal interest rate, which in turn contributes to explain 54 % of the variability of inflation and 44% of the variability of GDP growth. Finally, shocks to the interest rate account for 32% of the variability of money growth.
Summing up, during the period of high inflation, money growth and inflation appear to be mainly driven by inflation expectations. Shocks to the interest rate have a significantly positive effect on money growth and inflation and a negative effect on GDP growth. A simple exercise excluding interest rates from the VAR system suggests that the main driver of the nominal interest rate could be the inflation expectations component.
Monetary impulses have a significantly positive effect on inflation but do not affect GDP growth. Response of D (LM1SA) 
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(ii) Short run dynamics under low inflation
According to our definition, the low inflation period goes from 1993 to 2005, including two different monetary regimes: Convertibility, from 1993 to the end of 2001 and a managed floating since January 2001 to the end of the sample. The main difference between those two periods regarding the relationship between money and prices is that Convertibility, by providing implicit exchange rate insurance, induced a dollarization of financial assets, contracts and to a certain extent, cash transactions in the economy, which mostly reversed after the abandonment of this regime. Since we do not have enough observations to study these two periods separately and evaluate to what extent the change in the monetary regime lead to a statistically different short run dynamics, we proceeded in two steps: we estimate VAR models for both the Convertibility and the complete low inflation period and compare the results. Figure 5 .3 shows the impulse response functions for the Convertibility period, under which the nominal exchange rate to the dollar remained fixed as a mean to provide a nominal anchor to the economy. Under this scheme monetary policy was essentially passive and the dynamics of money was mainly driven by money demand and closely related to movements on the capital account of the balance of payments. Impulse response functions reflect a very different dynamics compared to the high inflation period. First, the response of money to the nominal interest rate is more in line with those in the literature, since it is positive. It is however, very rapid and remains significant over the first quarter. GDP growth responds negatively to shocks to the nominal interest rate, as expected, whose effects remain significant over three quarters.
Impulses on money growth have a positive effect on GDP growth, which is also rapid and remains significant for three quarters. They also have a significant but relatively weak effect on inflation, which becomes significant with some delay, after one quarter and persist for four quarters. Shocks to the nominal exchange rate do no have any impact on the rest of the variables of the system. This result is not surprising, given that, although we are including here a multilateral nominal interest rate (with respect to the three main trade partners of Argentina), the variability of this multilateral exchange rate was extremely low over this period.
Variance decompositions are shown in Table 5 .3. They indicate that the dynamics of the interest rate, money and inflation are mainly exogenously driven. The nominal interest rate explains, however, 25% of the variability of money growth. On the contrary, a high proportion of the variability of GDP growth is explained endogenously, mainly by impulses to the nominal interest rate and to money growth. .00 6
.00 8 Finally the results for the VAR incorporating the managed floating period are shown in Figure 5 .4 and Table 5 .4. The model includes a dummy variable controlling for the effects of the sharp depreciation of the peso during the first quarter of 2002. 14 The two models also differ in their lag structure. The model for the Convertibility period includes two lags of endogenous variables and the one for the complete period only one.
Figure 5.4. shows that the nominal interest rate responds positively to shocks to the nominal exchange rate. Money growth has a stronger and more persistent negative response to changes in the nominal interest rate compared to the Convertibility period. GDP growth responds with approximately the same intensity to impulses to the nominal interest rate, but its response to money growth is slightly more significant.
The main difference in the joint dynamics of the variables in the VAR system, compared to managed floating is that the dynamics of inflation is mainly endogenously determined. Inflation positively reacts to impulses on the nominal interest rate, money growth and nominal depreciation. In particular the response to money growth is stronger and more rapid that for the Convertibility sub-sample.
Summing up, once we control for the crisis period, it is possible to find a model describing the dynamics of the interest rate, money growth, nominal depreciation, GDP growth and inflation for the complete low inflation period. Impulse-response functions and variance decomposition indicate, however, relevant changes in dynamics with respect to the Convertibility period. In particular, there is a significant response of inflation to nominal depreciation and its response to impulses on money growth is stronger compared to the Convertibility period.
14 VAR residuals were evaluated according to the standard criteria of non-autocorrelation and normality. The presence of unit roots, indicating a divergent behavior of the VAR system was also checked. The presence of outliers was controlled introducing dummy variables as to ensure no rejection of normality tests according to conventional criteria. Response of LTNA to LTNA 
Conclusions
This paper analyses the relation between money growth and inflation from two perspectives. The first one focuses on the identification of empirical regularities in their dynamics and the stability of their relationship under different inflation regimes in Argentina. From the long run perspective, changes in inflation are positively related with changes in money growth. A long run relationship is found with long run coefficients that vary across sub-samples. In both cases, proportionality between money and prices holds under high inflation regimes but weakens in low inflation. These findings confirm that high and persistent inflation is related to sustained money expansions.
The money velocity is unstable even within the same inflationary regime. During high inflation, the accelerations in inflation are associated with higher money growth and velocity increases. On the contrary, during low inflation periods money growth and velocity are negatively correlated. These findings are in line with the international empirical evidence for countries with low inflation.
The second perspective focuses on the transmission of monetary shocks to prices in the short run, considering an extended set of information. In this case we include other relevant macroeconomic variables such as the nominal interest rate, the change in the multilateral nominal exchange rate and GDP growth. We are able to identify different dynamics of money growth and inflation under low and high inflation. Between 1977 and shocks to the interest rate have a positive effect on money growth and nominal depreciation. The price expectations component in nominal interest rates plays a key role in explaining the dynamics of money growth and inflation which cannot be captured by bivariate analysis. These findings are not in line with the empirical evidence reported by the literature on the transmission of nominal shocks to the economy. Although shocks to the nominal interest rate have a negative impact on output, when the interest rate is excluded from the VAR system, models show a negative response of output growth to inflation. Previous bivariate analysis was not able to capture this relevant role of inflation expectations implicit in the nominal interest rate.
On the contrary, during the period of low inflation, impulse responses are more in line with the empirical regularities in the literature. Shocks to the interest rate generate negative responses of money growth. In addition, the inflation rate responds positively to money. They also have a negative impact on output.
During Convertibility, the dynamics of inflation is mainly exogenously determined. On the contrary, when we extend the sample to the complete low inflation period, inflation responds greatly to shocks to other variables of the system. In particular, the effect of monetary impulses on inflation become stronger while at the same time nominal depreciation has an effect on inflation
These findings indicate that multivariate analysis allows a better understanding of the sources of the different money growth-inflation short run dynamics under low and high inflation. Our results also suggest that money continues to play a role in explaining inflation dynamics in the short run under low inflation. 
